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571 ABSTRACT

The compounds of this invention are heterocyclic am-
ides represented by the formula:

Ry

I
HO Y=—Alk—CR3j

R,

wherein: R1 R» are the same or different members of the

group consisting of halo, phenyl, substituted phenyl and
a

(Crl'lIZr-i- 1)
(CqH2q+ 1)_?"’
(CHar+1)

group wherein q, r and t are independently an integer of
from 1 to 8 provided that q+r+t is equal to or less than
10; .y is thio, sulfinyl or sulfonyl; Alk is straight or
branched chain lower alkylene, and R3is a heterocyclic
amine represented by the formula:

wherein R4 is selected from the group consisting of
hydrogen, lower alkyl, phenyl, substituted phenyl, ben-
zyl, substituted benzyl, carboxyl or carboxyloweralkyl;
X is selected from the group consisting of N—R4, O and
CHy; mis 2 or 3; nis 2 or 3 when X is O or N—R#, and
nis 1 to 3 when x is CHy; p is O to 2; and the pharmaceu-
tically acceptable salts thereof. The compounds are
anti-inflammatory and anti-allergy agents.

12 Claims, No Drawings
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METHOD OF TREATING INFLAMMATION,
ALLERGY, ASTHMA AND PROLIFERATIVE SKIN
DISEASE USING HETEROCYCLIC AMIDES

This is a division of application Ser. No. 224,647, filed
July 27, 1988, now abandoned which is a continuation
of application Ser. No. 809,964 filed on Dec. 20, 1985
now abandoned which is a continuation-in-part of appli-
cation Ser. No. 698,047 filed Feb. 4, 1985, now aban-
doned. |

BACKGROUND OF THE INVENTION

A. Field of the Invention

The present invention relates to novel heterocyclic
amides and more particularly relates to heterocyclic
amides which are 5-lipoxygenase inhibitors and are
useful as anti-inflammatory and anti-allergy agents.

It is well recognized that arachidonic acid and its

10

15

analogs, unsaturated fatty acids, are the precursors of 20

prostaglandins, thromboxanes, the 5-, 11-, 12- and 15-
hydroxyeicosatetraenoic acids (HETEs, DIHETEs,
TRIHETES) and hydroperoxyeicosatetraenoic acids
(HPETES) and the leukotrienes, all of which have pro-
found physiological effects. The leukotrienes, which are
produced via the 5-lipoxygenase pathway, are the

major contributors to the onset of the symptoms of

asthma, and mediators for immediate hypersensitivity
reactions and inflammation.

Leukotrienes are found in inflammatory exudates and
are involved in the process of cellular invasion during
inflammation. The term “leukotrienes” is used as a ge-
neric term to describe a class of substances, such as
slow-reacting substance (SRS) which is an important
mediator in asthma and other immediate hypersensitiv-
ity reactions. Immunologically generated SRS is usuaily

25

30

35

referred to as slow-reacting substance of anaphylaxis

(SRS-A) SRS-A consists of leukotrienes (IL'T) known as
A4, B4, C4, D4, Dsand E4. LTC4 1s at least 100 times
more potent than histamine in causing long lasting bron-
choconstricting effects. The leukotrienes also increase
vascular permeability and cause decreased cardiac out-
put and impaired ventricular contraction. LTB4 may be
an important mediator of inflammation in inflammatory
bowel disease. |

Chemotaxis is a reaction by which the direction of
migration of cells is determined by substances in their
environment. It is one of the major processes bringing
leukocytes from the blood to an inflammatory site,
whether the inflammation is caused by an infectious
agent, allergic challenge, or other pro-inflammatory
stimuli. .TB4 is not only chemotactic for neutrophils
and monocytes, but is also highly active in stimulating
eosinophil locomotion. The infiltration of eosinophils 1s
one of the histologic features of a variety of allergic
reactions.

With the exception of benoxaprofen, which has 35-
lipoxygenase inhibition activity, aspirin and the other
non-steroidal anti-inflammatory agents (NSAIDs) such
as indomethacin, ibuprofen, fenoprofen, and the like,
inhibit the synthesis of prostaglandins via the cycloox-
ygenase pathway of arachidonic acid. These prostaglan-
din synthetase inhibitors generally exhibit anti-inflam-
matory, anti-pyretic and analgesic activity, and are
widely used in the treatment of arthritis. The non-steroi-
dal anti-inflammatory agents can lead to the formation
of additional pro-inflammatory derivatives of arachi-
donic acid produced through the 5-lipoxygenase path-
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way which play a role in immediate hypersensitivity
reactions and also have pronounced pro-inflammatory
effects. Administration of the NSAIDs alone can pro-
duce allergic reactions including bronchospastic reac-
tivity; skin rashes; syndrome of abdominal pain, fever,
chills, nausea and vomiting, and anaphylaxis. For this
reason, aspirin and the other non-steroidal anti-inflam-
matory agents (NSAIDs) are generally contraindicated
for patients suffering from asthma or who have previ-
ously exhibited allergic sensitivity to aspirin or other
NSAID:s.

Prior to the recognition of the arachidonic acid cas-
cade and the significance and interaction of the 5-lipox-
ygenase and other arachidonic acid cascade conversion
products in allergic reactions and inflammation, the
search for effective therapeutic agents was based pri-
marily on those agents which treated the symptoms of
allergy and inflammation. There has since been effort to
develop new drugs which selectively block the forma-
tion of the mediators of these conditions, and the pres-
ent invention provides heterocyclic amides which are
metabolically stable inhibitors of the 3-lipoxygenase
pathway and are useful in the treatment of asthma and
other allergy and hypersensitivity reactions, and many
types of inflammation. |

To date, benoxaprofen has been the only commercial
anti-inflammatory agent which has 5-lipoxygenase inhi-
bition activity. Prior to its withdrawal from the market
because of untoward side effects, benoxaprofen was
considered to represent a significant advance in the
treatment of crippling arthritis and psoriasis. Thus,
there remains a longstanding need for agents which
block the mechanisms responsible for inflasmmation and
allergic reactions, and which can be safely employed to
treat, for example, arthritis, asthma, psoriasis and other
dermatoses, allergic reactions and other 5-lipoxygenase
mediated conditions. A need also exists for agents
which can be administered with the inhibitors of other
lipoxygenase enzymes, e.g. cyclooxygenase, to mitigate
their side effects and support their desirable medicinal
properties.

See Bengt Samuelson, “Leukotrienes: Mediators of
Immediate Hypersensitivity Reactions and Inflamma-
tion”, Science, Vol. 220, pp. 568-575 (May 1983); Mi-
chael K. Bach, “Inhibitors of Leukotriene Synthesis and
Action, The Leukotrienes, Chemistry and Biology, pp
163-194 (Academic Press, Inc., 1984); C. W. Lee et al,,
“Human Biology and Immunoreactivity of Leuko-
trienes”, Advances in Inflammation Research, Volume 6,
pp 219-225 (Raven Press, N.Y., 1984); Editorial,
‘“Leukotrienes and other Lipoxygenase Products in the
Pathegonesis and Therapy of Psoriasis and Derma-
toses”, Arch. Dermatol., Vol. 119, pp 541-547 (July,
1983); Robert A. Lewis et al.,, “A Review of Recent
Contributions on Biologically Active Products of Ara-
chidonate Conversion”, Int. J. Immunopharmac., Vol.
4, No. 2, pp 85-90 (1982); Michael K. Bach, Biochemical
Pharmacology, Vol. 23, No. 4, pp 515-521 (1984); E. L.
Becker, Chemotactic Factors of Inflammation, pp
223-225 (Eliver Science Publishers B.V., Amsterdam,
1983); P. Sharon and W. F. Stenson, Gastroenterology,
Vol. 84, 454 (1984); and M. W. Musch, et al., Science,
Vol. 217, 1255 (1982).

The present invention provides compounds which
block the 5-lipoxygenase pathway of the arachidonic
acid cascade, block the formation of the leukotrienes
therefore responsible for the allergy and inflammation,
and hence and represent a new class of therapeutic
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agents which are useful in the treatment of allergic and

hypersensitivity reactions and inflammation, alone, or in

combination with other oxygenase inhibitors such as the

non-steroidal anti-inflammatory agents (cyclooxyge-

nase inhibitors). 5
B. Prior Art

Wagner et al. U.S. Pat. No. 4,029,812, and related
U.S. Pat. Nos. 4,076,841 and 4,078,084 which i1ssued

from divisional applications of the -812 application, all
assigned to The Dow Chemical Company, disclose
2-(3,5-di-tert-butyl-4-hydroxyphenyl)thiocarboxylic
acids, esters and simple amides which are hypolipidem-
ics and are useful in reducing plasma lipid levels, espe-
cially cholesterol and triglyceride levels.

The Wagner et al. and related compounds have also
been reported in the literature as plasticizers and pesti-
cides. See for Example, Khim. Tekhnol. 20(4), 568-574
(1977); German  Offenlegenschrift No. DE
2716125(1977); Pestic. Biochem. Physiol. 1979, 12(1),
- 23-30. Chem. Abs. 90(19):151802x is of interest.

SUMMARY

The compounds of this invention are heterocyclic
amides represented by the formula

10

15

20

25

O
I
Y—Alk—CR3;
-30

wherein: R and R, are the same or different members of

the group consisting of halo, phenyl, substituted phenyi 35
and a

(CrIiIEr-I- 1)
(CqH2g4 1) —C—
I 40
(CIHZH- 1)

group wherein q, r and t are independently an integer of
from 1 to 8 provided that q+r+t is equal to or less than
10; Y 1s thio, sulfinyl or sulfonyl; Alk is straight or 44
branched chain lower alkylene, and R3is a heterocyclic
amine represented by the formula:

JCEIN_ v,
== N X
Ny

(CH3)x

50

wherein Ry 1s selected from the group consisting of
hydrogen, lower alkyl, phenyl, substituted phenyl, ben- 35
zyl, substituted benzyl, carboxyl or carboxyloweralkyl:;
X 1s selected from the group consisting of N—R44, O and
CH;y mis2or 3;nis 2 or 3 when X 1s O or N—R4 and
nis 1to 3 when X is CHp; p is 0 to 2; and the pharmaceu-
tically acceptable salts thereof.

Representative heterocyclic amines include, but are
not limited to piperazine, morpholine, pyrrolidine, pi-
peridine, pyrrolidinecarboxylic acid, methylpyrrolidine
carboxylate, 2-methylpiperazine, 2,4-dimethylmorpho-
line, thiomorpholine and the like.

‘The compounds of the present invention are useful in
the treatment of allergy and hypersensitivity reactions
and inflammation. The compounds are particularly use-

63
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ful in the treatment of arthritis and other inflammatory
joint disease, asthma, proliferative skin disease such as
psoriasis, and the like, alone or in combination with one
or more cyclooxygenase inhibitors.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

‘The compounds of the present invention are gener-
ally administered in oral or parenteral dosages of from
0.1 to 100 mg/kg, preferably 0.5 to 50 mg/kg daily,
preferably in divided dosages, to patients suffering from
allergic or hypersensitivity reactions or inflammation,
and are preferably applied topically to patients suffering
from proliferative skin disease such as psoriasis. The
compounds may be administered as the sole therapeutic
agent, or in combination with other agents such as cy-
clooxygenase inhibitors, particularly in patients who
exhibit pro-inflammatory or allergic response to, for
example, conventional non-steroidal anti-inflammatory
agents. Parenteral, e.g., intravenous, administration is
preferable if a rapid response is desired, as, for example,
in some cases of asthma.

Generally speaking, synthesis of the compounds of
this invention is accomplished by displacement of the
halogen or tosylate on a halo or tosy! substituted ali-
phatic acyl heterocyclic amide by a thiol in the presence
of a base. Addition of a thiol to the double bond of any
alkenyl acyl heterocyclic amide is also an useful syn-
thetic route. Alternatively, the displacement, via reac-
tion with a thiol and base, can be carried out on a tosyl
or halo substituted aliphatic carboxylic acid or ester
which is then converted into the amide via reaction of
the corresponding acid chloride with the desired heter-
ocyclic amine. An ester 1s preferably hydrolyzed to the
corresponding acid before conversion to the acid chlo-
ride by, for example, oxalyl chloride. The suifones and
sulfoxides are readily prepared by oxidation of a sulfide
with for example, m-chlorobenzoic acid or sodium met-
aperiodate. |

The term “lower alkyl”, as used herein, refers to
straight or branched chain alkyl groups having from 1
to 6 carbon atoms, inclusive, i.e., methyl, ethyl, n-pro-
pyl, iso-propyl, n-butyl, sec-butyl, tert-butyl, n-pentyl,
2-methylbutyl, 2,2-dimethylbutyl, n-hexyl, and the like.

The term ‘“halo”, as used herein, includes chloro,
bromo, 10do and fluoro. |

The term “‘substituted phenyl” refers to phenyl hav-
ing one or more substituents selected from the group
consisting of amino, halo, hydroxy, lower alkyl, lower
alkylaminoalkyl, lower dialkylaminoalkyl, -trifluoro-
methyl, lower alkoxy, and the hke for R4 and halo,
hydroxy, lower alkyl and lower alkoxy for R and R..

The term “lower alkoxy” refers to alkoxy groups
having from 1 to 6 straight or branched chain carbon
atoms, i.e., methoxy, ethoxy, n-propoxy, tert-butoxy,
etc. i

The term ‘“susbstituted benzyl” refers to benzyl
groups having one or more substituents selected from
the group consisting of halo, hydroxy, lower alkyl and
lower alkoxy.

The term “pharmaceutically acceptable salt” refers to
the physiologically acceptable acid addition salts of the
amides of the present invention prepared by treating the
compound with an appropriate acid as is well known in
the art. Such salts include, but are not limited to, the
hydrochloride, hydrobromide, sulfate, maleate, napsy-
late, oleate, succinate, palmitate, laureate, fumarate,
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phosphate, acetate, tartrate, stearate, nitrate, citrate,
tosylate and like salts. The term also refers to the alkah
metal, alkaline earth metal, ammonium and substituted
ammonium salts of the carboxylic acid derivatives of
this invention.

Preferred radicals represented by the group of the
formula - |

(CrI'IIZr—i- 1)
(CgHag I)"'(I::"'""
(CHze+1)

include.tertiary alkyl moieties wherein q and r are pref-
erably 1 or 2 and most preferred radical is represented
by the group wherein q, r and t are 1, namely t-butyl.
The groups represented by Y are preferably thio and
sulfinyl, and most preferably thio. '

The selective activity of the compounds of this inven-
tion was first determined using the following assays.

Test A—An in vitro inhibition of soybean 15-lipox-
ygenase assay is employed to check the specificity of
selected 5-lipoxygenase inhibitors. The oxygen-uptake
during the oxidation of arachidonic acid to 15-HPETE
by soybean lipoxygenase is measured in the presence
and absence of inhibitors, using nordihydroguaiaretic
acid (NDGA) as a reference standard. Compounds
which inhibit at 100 uM are tested further to determine
the ICsg values. “IC” stands for “inhibitory concentra-
tion”.

Test B—Determination of anti-inflammatory, anti-
allergy activity: in vitro inhibition of 5-lipoxygenase.
The 100,000 X g supernatant fraction of Rat Basophilic
Leukemia Cell Homogenate (RBL-1) serves as a J-
lipoxygenase enzyme source. The enzyme 1s incubated
with [1-14C)-arachidonic acid and Ca+ + in the presence
and absence of test compound. The product of 5-lipox-
ygenase, S-hydroxyeicosatetraenoic acid (5-HETE), 1s
separated by thin-layer chromatography and measured
by radioactivity. A compound inhibiting 5-HETE syn-
thesis by 30% or more is considered active at that con-
centration. Initial screening doses are 1 X 10—4M. When
the compound inhibits more than 50% of 5-HETE syn-
thesis at 10—+M, that compound is tested at multiple
dose levels to determine the ICsq value.

Test C—Inhibition of slow reacting substance (SRS)
biosynthesis in cells. SRS synthesis by Rat Basophilic
Leukemia Cell (RBL-1) cells is induced by incubation
of cells with ionophore A23187 alone and in combina-
tion with the test compound. The SRS released into the
culture media is measured by high pressure liquid chro-
matography, scintillation counting or bioassay. In the
bioassay procedure the percent inhibition of SRS pro-
duction is estimated by determining the doses of treated
and control media needed in the tissue bath to produce
equivalent contractions of segments of isolated guinea
pig ileum. A compound that inhibits SRS biosynthesis
by 50% or more is considered active at that concentra-
tion if an equivalent amount of the compound does not
antagonize ileum contraction by SRS directly. If the
compound directly inhibits the smooth muscle contrac-
tions, it will be considered inactive as an SRS biosyn-
thesis inhibitor. Initial screening doses of test com-
pounds are 1X 10—4M and 1X 10—°M.

Test D—In vitro inhibition of human platelet 12-
lipoxygenase. A 40,000 X g supernatant of platelet lysate
is incubated with [1-14C]-labeled arachidonic acid in the
nresence and absence of test compound. The conver-

J
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sion product, 12-hydroxyeicosatetraenoic acid (12-
HETE), is quantitated after isolation by thin-laye}: chro-
matography. Compounds, initially screened at 100 uM
concentration, which inhibit the synthesis of 12-HETE
by 30% or more, are considered active. ICsg values are
determined for active compounds.

Test E—In vitro inhibition of sheep seminal vesicle
microsome cyclooxygenase. Arachidonic acid cycloox-
ygenase reaction rates, in the presence or absence of test
compounds, are determined by monitoring oxygen up-
take. Compounds which inhibit at 10—*M are tested
further to determine ICsg values.

The following examples further illustrate the present
invention. |

EXAMPLE 1

Preparation of 3,5-bis(1,1-dimethylethyl)-4-hydroxy-
phenylthiocyanate

CH; CH;3

N\ 7/
C

/
CHj3

HO SCN

To a three-necked, round bottom 5 L flask, equipped
with a mechanical stirrer, gas inlet, thermometer and
gas inlet, thermometer and gas outlet, was added 2,6-di-

tert-butylphenol (474 g, 2.30 mole), ammonium thiocya-
nate (76.12 g, 4.83 mole) and methanol (1200 mi). The
reaction mixture was stirred and cooled to 0° C. in an
ice/salt bath. Maintaining the temperature at 0° to 10°
C., chlorine gas was slowly bubbled through the mix-
ture for about 1 hour whereupon the reaction mixture
was a heterogeneous yellow color. Ammonia was then
bubbled through the reaction for about 13 hours, main-
taining the reaction mixture at a temperature of between
0° to 10° C. The reaction was stirred for an additional
hour at 0° C., poureﬁ into a 2 L of cold distilled water
and refrigerated overnight. The aqueous phase was
decanted and the solid taken up in methanol, precipi-
tated from water, filtered and dried for 2 days over
phosphorous pentoxide. The resulting gummy yellow
solid was recrystallized from pentane and dried in
vacuo to yield the product as a white powder, m.p.
61.5°-63° C,

Analysis calc. for C15sH21NSO: Theory: C, 68.40; H,
8.03; N, 5.32; S, 12.17. Found: C, 68.85; H, 8.05; N, 5.29;
S, 12.12.
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EXAMPLE 2

| Preparation of
2,6-bis(1,1-dimethylethyl)-4-mercaptophenol

CH CH;
N/
C

/
CH3

HO SH

3,5-bis(1,1-Dimethylethyl)-4-hydroxyphenyl thiocya-
nate (35 g, 0.209 mole) was dissolved in acetone (200
ml) under an argon atmosphere. Water (7.6 g, 0.42
mole) was added and the reaction cooled to 0° C. Trie-
thylphosphine (24.7 g, 0.209 mole) was added dropwise
over a period of 1 hour And the reaction was then al-
lowed to warm to room temperature with stirring. The
solution was concentrated, solvents removed, and the
resulting oil purified by chromatography on silica. The
fractions containing the thiol were combined, the sol-
vents removed to Yield a white powder which was
recrystallized from methanol/water and dried to yield
43.3 g of the desired product. NMR confirmed the iden-
tity of the product.

EXAMPLE 3
1-methyl-4-(1-0x0-2-propenyl)piperazine

A solution of acryloyl chloride (9 g, 0.10 mole) in
ethyl ether (20 ml) was added dropwise to a stirring,
cold solution of N-methylpiperazine (10 g, 0.10 mole)
and triethylamine (30.6 ml, 0.22 mole) in ethyl ether
(150 ml) over a thirty minute period. An additional 75
mi of ethyl ether was added and the reaction stirred for
72 hours. The resulting white solid was filtered and
washed well with ethyl ether. The ethyl ether was col-
lected, combined with the filtrate and the solvent evap-
orated on a rotary evaporator to yield 9.5 g of product
as an orange oil. NMR confirmed the structure of the
product.

EXAMPLE 4

Preparation of
1-[3-[3,5-bis(1,1-dimethylethyl)-4-hydroxyphenyl]thio}-
l-oxopropyl]-4-methylpiperazine

CH;
CH3—(|3—CH3
(T
HO 57 NN N—CH;
A
CH3;—C—CH;
(I:H;:,
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2,6-bis(1,1-Dimethylethyl)-4-mercaptophenol (2.15 g,
0.009 mole) and 1-methyl-4-(1-0x0-2-propenyl)pipera-
zine (1.39 g, 0.009 mole) were dissolved in methanol (75
ml). Triethylamine (1.5 ml) was added and the reaction

stirred at room temperature for twelve hours. The sol-
vent and triethylamine were removed on a rotary evap-
orator to give an oil. The product was purified by chro-

matography on silica gel, eluting with hexane/ethyl
acetate. The resulting product (0.68 g) was dried 1n a
vacuum pistol for 72 hours under an ethyl acetate re-
flux.

Elemental Analysis for Ca2H3eN202S (392.6): Calc.:
C, 67.30: H, 9.24: N, 7.14; S, 8.17. Found: C, 67.42; H,
9.24: N, 7.05; S, 8.30.

EXAMPLE 5

Preparation of |
1-f3-[3,5-bis(1,1-dimethylethyl-4-hydroxyphenyl]thio]-
1-oxopropyl]-4-methylpiperazine monohydrochloride

P
CH;—C—CH;
O
| \
HO 57 N N N—CH3.HC]
CH3—"'?""‘CH3
CH3

_Folllowing the procedure of Example 4, 2,6-bis-(1,1,-

~ dimethylethyl)-4-thiophenol (1.19 g, 0.005 mole), 1-

35

435

50
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methyl-4-(1-0x0-2-propenyl)piperazine and triethylam-
ine (0.5 ml) were combined and reacted for twelve
hours. The solvents were removed under a nitrogen
stream and the reaction chromatographed on silica. The
product was collected, the solvents evaporated under a
nitrogen stream and the resulting oil taken up in ethyl
ether and a saturated hydrogen chloride-isopropanol
solution added dropwise. After stirring for 12 hours, the
hydrochloride salt as a white solid was filtered to yield
1.3 g of product. The product was dried in vacuo. m.p.
about 201°-203° C. (429.05).

Elemental analysis for CyH37N20:SCl1 (429.06):
Calc.: C, 61.59; H, 8.69; Cl, 8.26; N, 6.53; S, 7.47. Found:
C, 61.83; H, 8.56; Cl, 8.50; N, 6.52; S, 7.49.

EXAMPLE 6
Preparation of 4-(1-oxo-2-propenyl)morpholine

A solution of morpholine (8.7 g, 0.1 mole) and trieth-
ylamine (15.3 ml, 0.1 mole) in ethyl ether (100 ml) was
cooled to +5° C. A solution of acryloyl chloride (9.0 g,
0.10 mole) in 25 ml of ethyl ether was added dropwise
over a 30 minute period, resulting in the formation of a
white solid. An additional 100 ml of ethyl ether was
added and the reaction stirred for 72 hours at room
temperature. The white solid was filtered and washed
well with ethyl ether. The ethyl ether wash and filtrate
were combined and solvent removed, leaving an orange
oil which was transferred to a 50 ml Erlenmeyer flask
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and dried overnight under nitrogen to yield 11.5 g of
product. The structure was confirmed by NMR.

EXAMPLE 7

Preparation of
4-[3-[3,5-bis(1,1-dimethylethyl)-4-hydroxyphenyl]thio-

1-oxopropyllmorpholine
P
CH3y=C—CHj3
O [\
|
HO §=CH,CH;—~G—N 0
CH3+<I:—CH3
CHj3

Following the procedure of Example 4, 2,6-bis-(1,1-

dimethylethyl)4-mercaptophenol (2.389, 0.01 mole) and s

(1-oxo-2-propenyl)morpholine (1.41 g, 0.01 mole) in
methanol (75 ml) were combined with triethylamine
(1.5 ml) and stirred for 12 hours at room temperature.
The solvent was evaporated under a nitrogen stream
leaving an orange oil which was chrdmatographed over
's'ﬂica The product was recrystallized from a mixture of

4,959,364
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EXAMPLE 9

Preparation of
1-[3-[[3,5-bis(1,1-dimethylethy])-4-hydroxyphenyl]thi-
o}-1-oxopropyl]-4-(phenylmethyl) piperazine

|
10 CH3;—C—CHj3
0O N
;NI'I‘\
HO S N N-—CH>
CH3—(I'.:—CH 3
CHj»

30

Following the method of Example 4, 2,6-bis-(1,1-
dlmethylethyl)-d—mercaptOphenol (1.52 g, 0.0064 mole),
1-(1-0x0-2-propenyl)-4-phenylmethyl)piperazine (1.47
g, 0.0064 mole) and triethylamine (0.5 ml) were dis-
solved in 150 ml of methanol and stirred at room tem-
perature for 12 hours. The solvent was removed on a
rotary evaporator, and the reaction chromatographed
on silica gel. The product was recrystallized from ethyl
acetate and hexane. The resulting white solid was fil-
tered and dried overnight in a vacuum pistol at room
temperature, m.p. about 92.5°-95° C., (468.70). |

Analysis calc. for CygsH4oN2SOs: Calce.: C, 71.75; H,
8.60; N, 5.98; S, 6.84. Found: C, 71.67; H, 8.69; N, 6.04;

hexane, ethyl ether and methanol and the resulting 15 S, 6.87.

white solid dried to yield the title compound, m.p. about
136.5°-137.5° C.

Analysis calc. for C21H33NO3S (379.56): Calc.: C,

-66.45; H, 8.76; N, 3.69; S, 8.45. Found: C, 66.88; H, 8.87; 40

N, 3.33; S, 8.52.

- EXAMPLE 8

1- (1-oxo-2-pr0penyl)-4-(phenylmethyl)p1perazme

O

A solution of acryloyl chloride (4.52 g, 0.05 mole) in
25 ml of ethyl ether was added to a cold solution of
1-benzylpiperazine (8.8 g, 0.05 mole) and'triethylémine
(30 ml, 0.20 mole) in 500 ml of ethyl ether. A white
precipitate formed. The reaction mixture was stirred
overnight, filtered and the precipitate washed well with
ethyl ether. The solvent and triethylamine were re-
moved and the product chromatrographed on silica,
eluting with ethyl acetate/hexane {30:70(v/v)] to yield
1.5 g of the title compound. The structure was con-
firmed by NMR.

43

33
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EXAMPLE 10

Preparation of
1-{3-[[3,5-bis(1,1-dimethylethyl)-4-hydroxyphenyl]thi-
o]-1-oxopropyl]-4-(phenylmethyl)piperazine
monohydrochloride

CH3
—C""CH3

I NN N—-CHz
\_/ |

—C—CH3 HCI

CH3

1-{3-[]3,5-bis(1,1-Dimethylethyl)-4-hydroxyphenyl]-
thio}-1-oxopropyl]-4-(phenyimethyl)piperazine (2.0 g)
was dissolved in 700 ml of ethyl ether. A saturated
solution of hydrogen chloride in isopropanol was added
dropwise with rapid stirring, and the reaction stirred for
12 hours. The hydrochloride salt formed as a white
solid which was filtered, and air dried to yield 2.05 g of
product, m.p. ca. 214°-216.5° C. |

Analysis calc. for C2gH41N207CIS (505.16): Cald.: C,
66.57; H, 8.18; Cl, 7.02; N, 5.55; S, 6.35. Found: C, 66.54;
H, 8.14; Cl, 7.39; N, 5.50; S, 6.50.
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EXAMPLE 11

Preparation of methyl

1-(1-o0x0-2-propenyl)-2-pyrrolidinecarboxylate s

10

L-Proline methyl ester hydrochloride (8.27 g, 0.05 s
mole) was dissolved in 250 ml of methylene chloride
and triethylamine (40 mli, 0.28 mole) added thereto. The
solution was filtered to remove the precipitate and
cooled to 5° C. Over a period of 30 minutes, a solution
of acryloyl chloride (4.52 g, 0.05 mole) was added to the
cooled solution, the reaction allowed to warm to room
temperature and stirred for 12 hours. Ethyl ether (100
ml) was then added to the solution and the resulting
-white solid filtered. An additional 200 ml of ethyl ether
was added and a small amount of tan solid filtered out.
The solvents were evaporated, and the resulting oil
chromatographed on silica to 1solate the product. The
product was dried in vacuo at room temperature for 72
“hours. The structure was confirmed by NMR.

Analysis calc. for CoH13NO3(183.21): Calc.: C, 59.00;
H, 7.15; N, 7.66. Found: C, 59.03; H, 7.25; N, 7.53.

EXAMPLE 12

Preparation of
methyl-1-[3-[]3,5-bis(1,1-dimethylethyl)-4-hydroxy-
phenyl]|thio]-1-oxopropyl]-2S-pyrrolidinecarboxylate

20

25

30

35

CHj;
N\
CH3—C—CH}j

45
HO

CH3;—C—CHj |

/
CH;3

50

Following the procedure of Example 4, 2,6-bis-(1,1-
dimethylethyl)-4-mercaptophenol (3.57 g, 0.015 mole),
methyl 1-(1-oxo-2-propenyl)-2-pyrrolidinecarboxylate
(2.7 g, 0.015 mole) and triethylamine (1 ml) were stirred
at room temperature in methanol (100 ml). The solvent
and triethvlamine were evaporated under a nitrogen.
stream for 12 hours, and the residue chromatographed
on silica, eluted with 10% ethyl acetate/hexane. The
solvent was removed and the resulting product dried in
a vacuumn pistol under ethanol reflux for 12 hours to
yield 3.8 g of the final product.

Analysis Calc. for Cy3H3sNSO4 (421.59): Cale.: C,
65.53; H, 8.37; N, 3.32; S, 7.60. Found: C, 65.54; H, 8.24;
N, 3.29; S, 7.40.

33
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" EXAMPLE 13

Preparation of
1-[3-[[3,5-bis(1,1-dimethylethyl)4-hydroxyphenyl]thio]-
1-oxopropyl]-2S-pyrrolidinecarboxylic acid

CH;
AN
CH3=—C—CH;
O
|
HO s” "N
(L)
COH
CH;C—CHj; |
J/ O
CH;

The title product of Example 12 (1.9 g) was dissolved
in methanol (75 ml) and water added to the solution
until it became cloudy. Lithium hydroxide monohy-
drate (1.5 g) was added and the mixture stirred at room
temperature. The reaction was transferred to a round
bottom flask and 50 ml of water added thereto. The
solvent was removed on a rotary evaporator and the
residue acidified with 10% hydrochloric acid. The
product was extracted into ethyl ether (2X75 ml),
washed with water (50 ml), dried over sodium sulfate,
filtered and evaporated to an orange oil. The product
was isolated by chromatography on silica, eluted with

ethyl acetate/hexane to yield the product which was
dried in vacuo.

Analysis calc. for CyoH33NO4sS (407.57): Cale.: C,
64.83; H, 8.16: S, 7.87; N, 3.46. Found: C, 64.67; H, 8.15;
S, 7.50; N, 3.35.

EXAMPLE 14

Preparation of 1-(1-oxo-2-propenyl)pyrrolidine

NN

Acryloyl chloride (9 g, 0.1 mole) was added by sy-
ringe to ethyl ether (40 mi) and the solution cooled to
—50° C. A solution of pyrrolidine (7.1 g, 0.1 mole) in
ethyl ether (20 ml) was added dropwise. A solution of
triethylamine (15.3 ml) was added slowly over 10 min-
utes. The reaction was slowly allowed to warm to room
temperature and stirred for 12 hours. Water (50 ml ) was
added, the layers were separated and the aqueous layer
extracted with ethyl ether (100 ml) and methylene chio-
ride (2X75 ml), and combined with the organic layer
above, dried over sodium sulfate, filtered, and the sol-
vents removed to give an oil. The product was purified

by chromatography on silica. The structure was con-
firmed by NMR.



4,959,364

13

EXAMPLE 15

Preparation of
1-f3-[[3,5-bis(1,1-diemthylethyl)-4hydroxyphenyl]thio]-
1-oxopropyllpyrrolidine 5

Hj(ll

10

15

H3C

3,5-bis(1,1-Dimethylethyl)-4-hydroxyphenylthiocya-
nate (4.21 g, 0.016 mole) was dissolved in acetone (100
ml) and water (0.3 ml) added thereto. The solution was ,,
cooled in an ice bath and tri-n-butylphosphine (3.23 g,
0.016 mole) added via syringe over a 5 minute period.
The ice bath was removed and the reaction brought to
room temperature. Triethylamine (0.5 ml, 0.0036 mole)
was added and the reaction stirred for 5 minutes. A
solution of 1-(1-oxo-2-propenyl)pyrolidine (2.0 g, 0.016
mole) in acetone (20 ml) was added dropwise over a 10
minute period and the reaction stirred for 12 hours, then
refluxed for an additional 5 hours. The solvent was
evaporated and water (50 ml) added. The solution was
extracted with ethyl ether (2)X50 ml), and the ether
extracts washed with water, dried over sodium sulfate
and filtered. The solvent was removed in vacuo to give
an oil. The product was isolated by chromatography on
silica eluting with ethyl acetate/hexane. Recrystalliza-
tion from ethyl acetate and hexane, filtering and drying
the product for 12 hours in vacuo yielded the desired
product, m.p. about 123.5°-124.5° C,

Analysis calc. for C31H33NO,S (363.56): Calc.: C,
69.38; H, 9.15; N, 3.85; S, 8.82. Found: C, 69.39; H, 9.01;
N, 3.78: S, 8.68.

25

30

335

EXAMPLE 16

Preparation of 2'-hydroxy{1,1:3’,1"-terphenyl]5'-yl

thiocyanate
45

OH

30

35

2,6,-Diphenyiphenol (100.0 g, 0.406 mole) and ammo-
nium thiocyanate (67.99 g, 0.893 mole) were suspended
in methanol (150 ml) in a three-necked round bottom
flask equipped with magnetic stirrer, thermometer and
bubbler. The reaction mixture was cooled to —5° C. in
an acetone/ice bath and chlorine gas bubbled through
the solution for three hours. Maintaining the tempera-
" ture below 10° C., ammonia gas was bubbled through
the reaction for 2 hours. The contents of the flask were
then poured into iced distilled water (250 ml) and al-
lowed to stand for 12 hours in the refrigerator. After
filtering, the solid was dried in vacuo at 45° C. for 12

65
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hours. The title compound was purified by chromatog-
raphy on silica and recrystallized from hexane, m.p.
about 104°-106.5° C.

Analysis calc. for CioH;30SN (303.39): Calc.: C,
75.22: H, 4.32; N, 4.62; S, 10.57. Found: C, 75.12; H,
4.49: N, 4.65; S, 10.41.

EXAMPLE 17
Preparation of 5'-mercapto[l,1':3';1”-_terphenyl]-2'-ol

OH

&

SH

2’-Hydroxy{1,1’:3',1"-terphenyl]-5'-yl  thiocyanate
(32.2 g, 0.106 mole) was dissolved in acetone (150 mi)
and water (1.9 ml), stirred and cooled to —35° C. Trie-
thylphosphine (15.7 ml, 0.106 mole) was added drop-
wise over a period of 40 minutes. The reaction was

stirred at 0° C. for 1 hour and then at room temperature
for 2 hours. The solvent was evaporated and the prod-

uct isolated by chromatography on silica.
Analysis calc. for CigH 1408 (278.31): Calc.: C, 77.67;
H, 5.07; S, 11.52. Found: C, 77.80; H, 5.19; S, 11.68.

"EXAMPLE 18

Preparation of
1-{3-[(2'-hydroxy[1,1":3’,1”-terphenyl]-5'-yl)thio]-1-0x0-
propyl]-4-(phenylmethyl)piperazine

Following the procedure of Example 4, 1-(1-0x0-2-
propenyl-4-phenylmethyl)piperazine (Example 8) (2.30
g, 0.01 mole) was dissolved in methanol (150 ml) and
triethylamine (1 mi) added to the solution. The solution
was flushed with argon several times, 5'-mercapto
[1,1’:3',1"-terphenyl}-2'-0l (2.77 g, 0.01 mole) added and
the reaction stirred for 12 hours. The solvent was re-
moved and the product isolated by chromatography to
yield 1.5 g of product after drying in vacuo.

Analysis calc. for C3aH3iaN2025+40.25 C4HgOa:
Calc.: C, 74.70; H, 6.46; N, 5.28; S, 6.04. Found: C,
74.75; H, 6.21; N, 5.51; §, 6.22.
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EXAMPLE 19

Preparation of
1-(2-methyl-1-0x0-2-propenyl)pyrrolidine

ﬁ _
\ |

Under an argon atmosphere, pyrrolidine (3.55 g, 0.05
mole) was dissolved in ethyl ether (50 ml). Triethylam-
ine (5.06 g, 0.05 mmole) was added and the solution
cooled to and maintained at 0° C. 2-Methylacryloyl
chloride (5.22 g, 0.05 mole), dissolved in ethyl ether (50
ml) was added to the reaction and the solution stirred
overnight. Water (50 ml) was added, the layers were
separated and the aqueous layer extracted with ethyl
ether. The extracts were concentrated and the resulting

product dried (6.77 g). The structure was confirmed by
NMR.

EXAMPLE 20

Preparation of
1-[3-[13,5-bis(1,1-dimethylethyl)-4-hydroxyphenyl]thi-
o}-2-methyl-1-oxopropyl]pyrrolidine

H3(|3
H:C—C

| O
H3C [
HO

H3(|3
H3C'-(I:1
H3C

Following the procedure of Example 4, 2,6-bis(1,1-
dimethylethyl)-4-mercaptophenol (2.0 g, 0.008 mole)
and 1-(2-methyl-1-0x0-2-propenyl)pyrrolidine (1.11 g,
0.008 mole) were dissolved in toluene (20 ml) under an
argon atmosphere and refluxed for 24 hours. The sol-
vent was removed and the product purified by chroma-
tography on silica, and recrystailized from hexane to
yield the product as a white solid (0.65 g), m.p.
125°-126° C.

Analysis Calc. for CasH3isSNOj: Calc.: C, 69.98: H,
9.34; N, 3.71; S, 8.49. Found: C, 70.12; H, 9.05; N, 3.69;

S, 8.73.
EXAMPLE 21
Preparation of 3,5-dichloro-4-hydroxyphenyl
thiocyanate
Cl
HO SCN
Cl

2,6-Dichlorophenol (100 g, 0.613 mole) and ammo-
nium thiocyanate (102.73 g, 1.350 mole) were mixed in
methanol and the solution cooled to 0° C. Chlorine gas
was bubbled through the reaction, maintaining the tem-
perature below 10° C. The solution turned a pale yellow
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color. The reaction was stirred for a total of 3 hours
until acidic, at which time ammonia gas was bubbled
through and the solution stirred for an additional three
hours at 0° to 10° C. The reaction was poured into iced

distilled water, and filtered, yielding approximately 20 g
of a yellow solid which was dried overnight in vacuo.

The filtrate was extracted with ethyl acetate, the ex-
tracts dried over magnesium sulfate and solvent re-
moved in vacuo to yield approximately 100 g of crude
product. Following purification by silica chromatogra-
phy, the material was taken up in 1 liter of toluene,
charcoal added, filtered and recrystallized from hexane
to yield 55.03 g of product as a yellow solid, m.p. about
94.5°-97" C. The structure was confirmed by NMR.

EXAMPLE 22

Preparation of 2,6-dichloro-4-mercaptophenol

Cl

HS OH

Cl

Following the method of Example 2, the title com-
pound was prepared from 3,5-dicholoro-4-hydroxyphe-
nyl thiocyanate. The structure was confirmed by NMR.

EXAMPLE 23

Preparation of
1-{3-[[3,5-dichloro-4-hydroxyphenyl]thio}l-oxopropyll-
4-(phenylmethyl)piperazine

\__\— —
' /N N

o _/

Cl
HO S

Cl

1-(1-Ox0-2-propenyl)-4-(phenylmethyl)piperazine
(2.53 g, 0.011 mole) and 2,6-dichloro-4-mercaprophenol
(2.15 g, 0.011 mole) were dissolved in methanol (75 ml).
Triethylamine (1 ml) was added and the reaction stirred
for 12 hours. The solvent was removed, and the product
purified by chromatography on silica, eluting with ethyl
acetate/hexane.

Analysis calc. for CyoH2202N2C1S: Cale.: C, 56.47;
H, 5.21; N, 6.59; Cl, 16.67; S, 7.54, Found: C, 56.59; H,
J.35; N, 6.46; Cl, 16.71; S, 7.33.

EXAMPLES 24-32

By replacing 2,6-bis(1,1-dimethylethyl)-4-mercapto
phenol with 2,6-dichloro-4-mercaptophenol in the pro-
cedure of Examples 4, 5, 7, 9, 10, 12, 13, 15, and 20, the
following compounds are obtained:

EXAMPLE 24

1-[3-[(3,5-dichloro-4-hydroxyphenyi)thio]-1-oxo-
propyl]-4-methylpiperazine. -
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EXAMPLE 25

1-[3-[(3,5-dichloro-4-hydroxyphenyl)thio]-1-oxo-pro-
pyl-4-methylpiperazine monohydrochloride.

EXAMPLE 26

4-[3-[(3,5-dichloro-4-hydroxyphenyl)thio]-1-oxo-
propyljmorpholine.

EXAMPLE 27

)

| 10
1-{3-[(3,5-dichloro-4-hydroxyphenyl)thio]-1-oxo0-
propyl]-4-(phenylmethyl)piperazine.
EXAMPLE 28 -
1-[3-[(3,5-dichloro-4-hydroxyphenyl)thio]-1-0xo0- 15

propyl]-4-(phenylmethyl)piperazine
ride.

monohydrochlo-

EXAMPLE 29

Methyl 1-[3-[(3,5-dichloro-4-hydroxyphenyl)thio]-1- 20
oxopropryl]-2S-pyrrolidinecarboxylate.

"EXAMPLE 30

1-[3-[(3,5-dichloro-4-hydroxyphenyl)thio]-1-oxo-
propyl]2S-pyrrolidinecarboxylic acid.

, EXAMPLE31
1-[3-[(3,5-dichloro-4-hydroxyphenyl)thio]-1-oxo-
propyl]pyrrolidine.
EXAMPLE 32

1-[3-[(3,5-dichloro-4-hydroxyphenyl)thio]-2-methyl-
1-oxopropyl]pyrrolidine.

EXAMPLES 33-41

By replacing 2,6-bis(1,1-dimethylethyl)-4-mercapto
phenol with 5’-mercaptofl,1':3',1”-terphenyl]-2’-0l in
Examples 4, 5, 7, 9, 10, 12, 13, 15 and 20, the following
compounds are obtained.

EXAMPLE 33

1-[3-[(2'-hydroxy(1,1':3',1”-terphenyl]-5'-yl)thio}-1-
oxopropyl]-4-methylpiperazine.

EXAMPLE 34

1-[3-{(2’-hydroxy{1,1":3,1""-terphenyl]-5'-yl)thio]-1-
oxopropylj-4-methylpiperazine monohydrochloride.

EXAMPLE 35

1-[3-[(2’-hydroxy[1,1':3,1"-terphenyl]-5'-yl)thio]-1-
oxopropyl]-4-(phenylmethyl)piperazine.

EXAMPLE 36

1-[3-[(2’-hydroxy[1,1':3",1"-terphenyi]-5'-yl)thio]-1-
oxopropyl]-4-(phenylmethyl)piperazine = monohydro-
chloride.

30

45

50
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EXAMPLE 37

1-{3-[(2’-hydroxy[1,1":3',1"-terphenyl]-5’-yl)thio]-1-
oxopropyl]pyrrolidine. |

EXAMPLE 38

1-[3-[(2’-hydroxy[1,1':3’,1"'-terphenyl]}-5'-yl)-thio]-2-
methyl-1-oxopropyl]pyrrolidine.

EXAMPLE 39

Methyl 1-[3-[(2'-hydroxy[1,1":3’,1"-terphenyl}-5'- -
yDthio]-1-oxopropyl]-2S-pyrrolidinecarboxylate.

65
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EXAMPLE 40

1-[3-[(2’-hydroxy[1,1':3',1"-terphenyl]-5'-yl)-thio]-1-
oxopropyl]-2S-pyrrolidinecarboxylic acid.

EXAMPLE 41

4-[3-[(2'-hydroxy[1,1':3',1"-terphenyl]-5'-yl)-thio]-1-
oxopropyl]lmorpholine.

EXAMPLE 42

Preparation of 4-[[3,5-bis(1,1-dimethylethyl)-4-hydroxy
phenyl]thio]butanoic acid |

CH3z
CHjs
CH3 O
|
HO 57 " “CoH
CH3
CH;
CHj3

Potassium hydroxide flakes (2.52 g, 0.045 mole) were
added to a clear solution of 2,6-bis(1,1-dimethylethyi)-4-
mercaptophenol (3.57 g, 0.015 mole) and ethyl-4-
bromobutyrate (3.23 g, 0.0165 mole) in acetone (10 ml).
Water (20 ml) was added and the solution stirred for 1.5
hours, the solvent removed on a rotary evaporator and
water (50 ml) added and extracted with ethyl ether
(3 X75 ml). The aqueous layer was acidified with con-
centrated hydrochloric acid, extracted with ethyl ether

(2% 50 ml), washed with water (50 ml), dried over so-
dium sulfate, filtered and the solvents removed, leaving

an oil, which was purified by chromatography on silica,
recrystallized from ethyl ether/Skellysolve B, filtered
and the product dried in vacuo at room temperature for
12 hours, m.p. ca. 112°~113.5° C. '

Analysis calc. for CigH2303S (324.48): Calc.: C,
66.63; H, 8.70; S, 9.88. Found: C, 66.71; H, 8.74; S, 9.57.

EXAMPLE 43

Preparation of
1-[4-[]3,5-bis(1,1-dimethylethyl)-4-hydroxy
phenyl]thio]-1-o0xobutyl}-4-(phenylmethyl)piperazine.

4-[13,5-bis(1,1-Dimethylethyl)-4-hydroxyphenyl|]thi-
ojbutanoic acid is dissolved in benzene and the solution
cooled to about 5° C. in an ice bath. A solution of oxalyl
chloride in benzene is added dropwise over a period of
about 5 minutes. The ice bath is removed and the solu-
tion is allowed to warm to room temperature and is
stirred for about 5 hours. The benzene 1s evaporated and
fresh benzene is added. Triethylamine and N-benzylpip-
erazine are added and the solution is stirred overnight.
The benezene 1s evaporated on a rotary evaporator and
the product is purified by chromatography on silica. -
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EXAMPLE 4

Preparation of 2-[[3,5-bis(1,1-dimethyiethyl)-4-hydroxy
phenyl]jthio]pentanoic acid

CH; CHj
O OH
o j/\/\
HO S CH;
CHj;
CH; CHj

The title compound was prepared according to the
method of Example 41 from potassium hydroxide flakes
(3.36 g, 0.06 mole), 2,6-bis(1,1-dimethylethyl)-4-mer-
captophenol (4.76 g, 0.02 mole) and ethyl-2-bromoval-

erate (4.18 g, 0.02 mole) in acetone (100 ml). The struc-
ture was confirmed by NMR.

EXAMPLE 45

Preparation of
1-[2-{[3,5-bis(1, Ll-dimethylethyl)-4-hydroxy
phenyl]thiol-1-oxopentyl]-4-(phenylmethyl)piperazine.

The title compound of Exampie 44 is converted to its
acid chloride and is reacted with N-benzylpiperazine by

the method of Example 42 to give the title compound.

EXAMPLE 46

Preparation of

2-chloro-N-(N-benzylpiperazine)acetamide

CI_X' /\
N N
O \ /

Chloroacetyl chloride in methylene chloride is
cooled via an ice bath of 0° C. A solution of N-benzyi-
piperazine and triethylamine in methylene chloride is
added dropwise over a period of 1 hour and the result-
ing solution stirred, and allowed to come to room tem-
perature during a 20 hour period. 10% Hydrochloric
acid is added and the layers are separated. The grganic
layer is washed with 1IN hydrochloric acid and water, is
dried over sodium sulfate, filtered and the solvent is

removed to give the title compound.

20
EXAMPLE 47

Preparation of
1-[2-{[3,5-bis(1,1-dimethylethyl)-4-hydroxy-phenyl]thi-

3 o]-1-oxoethyl}-4-(phenylmethyl)lpiperazine
T
CHy=~C-CH3
10 o
HO S L
~ >N N—CH;
A
CH3~—C—CHj
15 i
"CH3

The title compound is prepared by dissolving the
product of Example 46 and 2,6-bis(1,1-dimethylethyl)-
4- mercaptophenol in acetonitrile under argon. Trieth-
ylamine 1s added to the solution with stirring at room
temperature under argon for about 12 hours. The solu-
tion is acidified with 10% hydrochloric acid with stir-
ring. It is extracted with ethyl acetate, the extracts com-
bined, washed with water and dried over sodium sul-
fate. The solvent is removed on a rotary evaporator and
the product is purified by chromatography on silica.

EXAMPLE 48

Preparation of 1-(1-oxo-2-butenyl)pyrrolidine

20
25

30

O

|l
cHy” X" N

3-Methylacryloyl chloride was reacted with pyrroli-
dine by the method of Example 14 to give the title
40 amide.

EXAMPLE 49

Preparation of
1-[3-[[3,5-bis(1,1-dimethylethyl)-4-hydroxyphenyljthi-
45 o]-1-oxobutyljpyrrolidine

CH3
'-C'-CH3

R

"‘"C"""CH:J,
55
CH3

Following the procedure of Example 4, 2,6-bis(1,1-
dimethylethyl)-4-mercaptophenol (2.0g, 0.008 mole)
and 1-(1-oxo-2-butenyl)pyrrolidine (1.llg, 0.008 mole) ~
were dissolved in methanol (20ml) under an argon at-
mosphere and refluxed for 24 hours. The solvent was
removed and the product isolated by chromatography
on silica, and recrystallized from hexane to yield the
product as a white solid, m.p. about 95°-99° C.

Analysis calc. for CysH3sSNO; Calce.: C, 69.98; H,
9.34; N, 3.71; §, 8.49. Found: C, 69.75; H, 9.33; N, 3.71;
S, 8.55.

635
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The active agents of this invention can be adminis-
tered to animals, including humans, as pure compounds.
However, it is advisable to first combine one or more of
the active compounds with one or more suitable phar-
maceutically acceptable carriers or diluents to attain a 5
satisfactory size to dosage relationship and thereby
obtain a pharmaceutical composition.

Pharmaceutical carriers which are liquid or solid can
be employed. Solid carriers such as starch, sugars, talc
and the like can be used to form powders which may be
used for direct administration or to fill gelatin capsules.
Suitable lubricants such as magnesium stearate, stearic
acid, as well as binders and disintegrating agents may be
included to form tablets. Additionally, flavoring and
sweetening agents may be added.

Unit dosage forms such as tablets and capsules can
contain any suitable, predetermined, therapeutically
effective amount of one or more active agents and a
pharmaceutically acceptable carrier or diluent. Gener-
ally speaking, solid oral unit dosage forms of a com-
pound of this invention will contain from 1.75 to 750mg
per tablet of drug.

The compounds of this invention exhibit both oral
and parenteral activity and accordingly can be formu-
lated in dosage forms for either oral or parenteral ad-
ministration.

Solid oral dosage forms include capsules, tablets,
pills, powders, granules and the like.

Liquid dosage forms for oral administration include
emulsions, suspensions, solutions, syrups and the like
containing diluents commonly used in the art such as
water. Besides inert diluents, such preparations can also
include adjuvants such as weftting agents, emulsifying
and suspending agents, and sweetening, flavoring and
perfuming agents.

Preparations for parenteral administration include
sterile aqueous or non-aqueous solutions. Examples of
nonaqueous solvents or vehicles are propylene glycol,
polyethylene glycol, vegetable oils such as olive oil and
injectable organic esters such as ethyl oleate. The par-
enteral preparations are sterilized by conventional
methods.

The compounds of this invention may also be formu-
" lated for topical or transdermal application using carri-
ers which are well known in the art, as well as in aero-
sols or sprays for nasal administration.

The amount of active ingredient administered may be
varied; however, it is necessary that the amount of
active ingredient be such that a suitable dosage 1s given.
The selected dosage depends upon the desired thera- 50
peutic effect, the route of administration and the dura-
tion of treatment. Generally speaking, oral dosages of
from 0.1 to 100 mg/kg, and preferably from 0.5 to 50
mg/kg of body weight daily are administered to pa-
tients in need of such treatment, preferably in divided 55
dosages, e.g. three to four times daily. In the case of
acute allergic or hypersensitivity reactions, it 1s gener-
ally preferable to administer the initial dosage via the
parenteral route, e.g. intravenous, and continue paren-
teral administration until the patient is stabilized, and
can be maintained, if necessary on oral dosing.

In the case of psoriasis and other skin conditions, it 1s
preferred to apply a topical preparation of a compound
of this invention to the affected areas three or four times
daily. |

In treating asthma and arthritis with a compound of
this invention, the compounds may be administered
either on a chronic basis, or as symptoms appear. How-
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ever, in the case of arthritis and other inflammatory
conditions which can lead to deterioration of joints and
malformations, it is generally preferable to administer
the active agent on a chronic basis.

When the compounds of this invention are co-admin-
istered with one or more cyclooxygenase inhibitors,
they may conveniently be administered in a unit dosage
form or may be administered separately. When the
patient is allergic or hypersensitive to the cycloxyge-
nase inhibitor, it is preferred to initiate therapy with a
compound of this invention prior to administration of
the cyclooxygenase inhibitor.

A typical tablet of this invention can have the follow-
ing composition:

Ingredient Mg/tablet
Active ingredient 100
Starch, U.S.P. 57
Lactose, U.S.P. 73
Talc, U.S.P. 9
Stearic acid 12

It will be understood by those skilled in the art that
the above examples are illustrative, not exhaustive, and
that modifications may be made without departing from
the spirit of the invention and the scope of the claims.

The invention claimed 1s: S

1. A method of treating inflammation comprising
administering to an animal in need of such treatment a
therapeutically effective amount of a compound of the
formula: | |

Rj
O
|

HO Y—Alk—CRj3

R>

wherein: R1and R; are the same or different members of
the group consisting of halo, phenyl, substituted phenyl
and a

(CrI'IIZr+ 1)
(CqH2g+1)—C—

|
(C:Hz; 4+ 1)

group wherein q, r and t are independently an integer of
from 1 to 8 provided that q +r 4t is equal to or less
than 10; Y is thio or sulfinyl; Alk is straight or branched
chain lower alkylene; and R3 is a heterocyclic amine
represented by the formula:

(CH2)rm
Y
N\

(R4)p
X
(Cﬂz)n/

wherein R4 is selected from the group consisting of
hydrogen, lower alkyl, phenyl, substituted phenyl, ben-
zyl, substituted benzyl, carboxyl or caboxyloweralkyl;
X is selected from the group consisting of N-R4, 0 and
~-CHz; mis 2 or 3; n1s 2 or 3 when X 1s 0 or N-R4, and
is 1 to 3 when X is CHj; p is O to 2; or the pharmaceuti-
cal acceptable salts thereof.
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2. A method according to claim 1 wherein R and R;
each are 1,1-dimethylethyl and Y is thio.

3. A method according to claim 2 wherein said com-
pound is selected from the group consisting of 1-[3-
[[3,5-bis(1,1-dimethylethyl)-4-hydroxyphenyl]thio]-1- 5
oxopropyl]pyrrolidine;

‘methyl  1-{3-[[3,5-bis(1,1-dimethylethyl)-4-hydrox-
yohenyl)thio}-1-oxopropyl}-28-pyrrolidinecaboxy-
late;

1-[3-[[3,5-b1is-(1,1-dimethylethyl)-4-hydroxyphenyl]-

thio]-1-oxopropyl]-28-pyrrolidinecarboxylic  acid
or a pharmaceutically acceptable salt thereof;
1-{3-[[3,5-bis(1,1-dimethylethyl)-4-hydroxyphenyl]-
thio]-1-oxopropyl]-4-methylpiperazine monohyr-
rochloride;
4-13-[[3,5-bis(1,1-dimethylethyl)-4-hydroxyphenyi]-
thio]-1-oxopropyllmorpholine;
1-[3-[[3,5-bis,(1,1-dimethylethyl)-4-hydroxyphenyl]-
thio]-1-oxopropyl]-4-(phenylmethyl)piperazine or
a pharmaceutically acceptable salt thereof;
1-{3-[[3,5-bis(1,1-dimethylethyl)-4-hydroxyphenyl]-
thio]-1-oxopropyl]-4-(phenylmethyl)piperazine
monohydrochloride;
1-{3-[[3,5-bis(1,1-dimethylethyl)-4-hydroxyphenyl]-
thio]-2methyl-1-oxopropyl]pyrrolidine; |
1-[3-{3,5-bis(1,1-dimethylethyl)-4-hydroxyphenyl]-
thio]-1-oxobutyl]pyrrolidine;
1-{3-[[3,5-dichloro-4-hydrocyphenyljthio]-1-oxo-
propyli-4-(phenylmethyl)piperazine or a pharma-
ceutically acceptable salt thereof; and
1-{3-[(2'-hydroxy[1,1'3""1"”-terphenyl}-5’-yl)thio}-1-
oxopropyl]-4-(phenylmethyl) piperazine or a phar-
maceutically acceptable salt thereof.
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4. A method of treating allergic reactions comprising *

administering to an animal in need of such treatment a

: . 35
therapeutically effective amount of a compound of the
formula

R
0O 40
|
HO Y—Alk=—CR3
R
: 45

wherein: R;and R; are the same or different members of
the group consisting of halo, phenyl, substituted phenyl
and a

50
(CrI'!IZr-!- 1)
(CgHag+ 1)—(|3'-
(CHar1)
55

group wherein q, r and t are independently an integer of
from | to 8 provided that q +r +t is equal to or less
than 10; Y 1s thio or sulfinyl; Alk is straight or branched
chain lower alkylene; and R3 is a heterocyclic amine
represented by the formula:

(CHz)m
NS
AN

(R4)p
X
(CHz)?:/

wherein R4 is selected from the group consisting of
hydrogen, lower alkyl, phenyl, substituted phenyl, ben-

60
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zyl, substituted benzyl, carboxyl or carboxyloweralkyl;
X is selected from the group consisting of N-—-R4, O and
—CHy; mis2or 3;: nis 2 or 3 when X is 0 or N—Ry4, and
nis I to 3 when X is CHj; pis 1 to 2; or the pharmaceuti-
cally acceptable salts thereof.
- 5. A method according to claim 4 wherein Rjamd R;
each are 1,1-dimethylethyl and Y is thio.

6. A method according to claim 5 wherein said com-
pound is selected from the group consisting of 1-{3-
[[3,5-bis(1,1-dimethylethyl)-4-hydroxyphenyl]thiol-1-
oxopropyl]pyrrolidine;

methyl 1-[3-{[3,5-bis-(1,1-dimethylethyl)-4-hydroxy-

phenyl]thio]-1-oxopropyl]2S-pyrrolidinecarboxy-
late;
1-[3-[13,5-bis-(1,1-dimethylethyl)-4-hydroxyphenyl]-
thio]-1-oxopropyl]-2S-pyrrolidinecarboxylic  acid
or a pharmaceutically acceptable salt thereof;
1-{3-[[3,5-bis(1,1-dimethylethyl-4-hydroxyphenyl]thi-
o]-1-oxopropyl]-4-methylpiperazine or a pharma-
ceutically acceptable salt thereof;
1-[3-{[3,5-bis(1,1-dimethylethyl)-4-hydroxyphenyl]-
thio]-1-oxopropyl]-4-methylpiperazine = monohy-
drochlonide;
4-[3-[[3,5-bis(1,1-dimethylethyl)-4-hydroxyphenyl]-
thio]-1-oxopropyl]morpholine;
1-{3-[[3,5-bis(1,1-dimethylethyl)-4-hydroxyphenyl]-
thio}-1-oxopropyl]-4-(phenylmethy1)piperazine or
a pharmaceutically acceptable salt thereof;
1-[3-{[3,5-bis(1,1-dimethylethyl)-4-hydroxyphenyl]-
thio]-1-oxopropyl}-4-(phenylmethyl)piperazine
monohydrochloride;
1-[3-[[3,5-bis(1,1-dimethylethyl)-4-hydroxyphenyl]-
thio]-2-methyl-1-oxopropyl]pyrrolidine;
1-[3-[]3,5-bis(1,1-dimethylethyl)-4-hydroxyphenyl]-
thio]-1-oxobutyl]pyrrolidine;
1-{3-[[3,5-dichloro-4-hydroxyphenyljthio]-1-oxo-
propyl]-4-(phenylmethyl)piperazine or a pharma-
ceutical acceptable salt thereof; and
1-[3-[(2"-hydroxy{1,1":3',1"-terphenyl]-5,-yl)thio]-1-
oxopropyl]-4-(phenylmethyl)piperazine or a phar-
maceutically acceptable salt thereof.

7. A method of treating proliferate skin disease com-
prising administering to an animal in need of such treat-
ment a therapeutically effective amount of 2 compound
of the formula:

O
|

HO Y—Alk—CR3

R2

wherein R and R, are the same or different members of
the group consisting of halo, phenyl, substituted phenyl
and a

(CrI'II?.r+ 1)
(CgHyg41)—=C—

|
(CHar41)

group wherein q, r and t are independently an integer of
from 1 to 8 provided that g +r +t is equal to or less
than 10; Y is thio or sulfinyl; Alk is straight or branched



4,959,364

25

chain lower alkylene; and R3 is a heterocyclic amine
represented by the formula:

’ (CH2)m
y 2)3\/ R4); .
N |
(CHZ)::/ |

wherein R4 is selected from the group consisting of
hydrogen, lower alkyl, phenyl, substituted phenyl, ben-
zyl, substituted benzyl, carboxyl or carboxyloweralkyl;
X is selected from the group consisting of N-—R4, O and
—CH>:mis2or 3;nis 2 or 3 when X is 0 or N-R4, and
nis 1 to 3 when X is CH2; p is O to 2; or the pharmaceu-
tically acceptable salts thereof.
8. A method according to claim 7 wherein R and R>
each are 1,1-dimethylethyl and Y is thio.
9. A method according to claim 8 wherein said com-
pound is selected from the group consisting of 1-[3-
[[3,5-bis(1,1-dimethylethyl)-4-hydroxyphenyl]thio]-1-
oxopropyl]pyrrolidine;
methyl 1-[3-[[3,5-bis~(1,1-dimethylethyl)-4&~-hydroxy-
phenyl]thio]-1-oxopropyl}-2S-pyrrolidinecarboy-
late; - | |

1-[3-[[3,5-bis-(1,1-dimethylethyl-4-hydroxyphenyl}-
thio]-1-oxopropyl]-2S-pyrrolidinecarboxylic acid
or a pharmaceutically acceptable salt thereof;

- 1-[3-{[3,5-bis,(1,1-dimethylethyl)-4-hydroxyphenyl]-
thio]-1-oxopropyl]-4-(methylpiperazine or a phar- 4,
maceutically acceptable salt thereof;

1-[3-[[3,5-bis(1,1-dimethylethyl)-4-hydroxyphenyl]-

thio]-1-oxopropyl]-4-methylpiperazine = monohy-
drochloride; |
4-[3-[[3,5-bis(1,1-dimethylethyl)-4-hydroxyphenyi]-
thio]-1-oxopropyl]morpholine;
1-[3-[[3,5-bis(1,1-dimethylethyl)-4-hydroxy-
phenyljthio-]-1-oxopropyl]-4-(phenylmethyl)piper-
azine or a pharmaceutically acceptable salt thereof;
1-[3-[[3,5-bis(1,1-dimethylethyl)-4-hydroxyphenyl]-
thio]-1-oxopropyl]-4-(phenylmethyl)piperazine
monohydrochlonide;
1-{3-[[3,5-bis(1,1-dimethyiethyl)-4-hydroxyphenyl]-
thio]-2-methyl-1-oxopropyl]pyrrolidine;
1-[3-[[3,5-bis(1,1-dimethylethyl)-4-hydroxyphenyl}-
thio]-1-oxobutyl|pyrrolidine;
1-13-[[3,5-dichloro-4-hydroxyphenyl]thio}-1-oxo-
propyl]-4-(phenylmethyl)piperazine or a pharma-
ceutically acceptable salt, thereof; and,
1-[3-[(2"-hydroxy[1,1':3 "'1"-terphenyl)-5"-yl)thio}-1- 5,
oxopropyl]-4-(phenylmethyl) piperazine or a phar-
maceutically acceptable salt thereof.

10. A method of treating asthma comprising adminis-
tering to an animal in need of such treatment a therapeu-
tically effective amount of a compound of the formula: 5
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|

HO Y= Alk=—CRj
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wherein: R1and R are the same or different members of
the group consisting of halo, phenyl, substituted phenyl
and a

(Crl"llr+ 1)
(CqH2g+ 1)—'(|3"'"

(CiHae41)

group when q, r and t are independently an integer of
from 1 to 8 provided that q +r +t is equal to or less that
10; Y is thio or sulfinyl; Alk is a straight or branched
chain lower alkylene; and Rj3 is a heterocyclic amine
represented by the formula:

N\

(R4)p
J
(CHy);

wherein Ry is selected from the group consisting of
hydrogen, lower alkyl, phenyl, substituted phenyl, ben-
zyl, substituted benzyl, carboxyl or carboxyloweralkyi;
X is selected from the group consisting of N—R4, 0 and
—CHy; mis2 or 3;nis 2 or 3 when X is 0 or N—R4, and
nis 1to 3 when X is CH2; p is 0 to 2; or the pharmaceu-

~ tically acceptable salts thereof.

11. A method according to claim 10 wherein R and
R, each are 1,1-dimethylethyl and Y is thio.

12. A method according to claim 11 wherein said
compound is selected from the group consisting of 1-[3-
[13,5-bis(1,1-dimethylethyl)-4-hydroxyphenyli]thio]-1-
oxopropyllpyrrolidine;

methyl 1-[3-{[3,5-bis-(1,1-dimethylethyl)-4-hydroxy-

phenyi]thio]-1-oxopropyl]-2S-pyrrolidinecarboxy-
late;
1-[{3-[[3,5-bis-(1,1-dimethylethyl)-4-hydroxyphenyl}-
thio]-1-oxopropyl}-2S-pyrroliinecarboxylic acid or
a pharmaceutically acceptable salt thereof;
1-[3-[[3,5-bis,(1,1-dimethylethyl)-4-hydroxyphenyi]-
thio]-1-oxopropyl]-4-(methylpiperazine or a phar-
maceutically acceptable salt thereof;
1-[3-[[3,5-bis(1,1-dimethylethyl)-4-hydroxyphenyl]-
thio}-1-oxopropyl]-4-methylpiperazine = monohy-
drochloride;
4-[3-[[3,5-1,1-dimethylethyl)-4-hydroxyphenyl]jthio]-
1-oxopropyl]morpholine;
1-[3-[[3,5-bis(1,1-dimethylethyl)-4-hydroxy-
phenyl]thio-]-1-oxopropyl]-4-(phenylmethyl)piper-
azine or a pharmaceutically acceptable salt thereof;
1-{3-[[3,5-bis(1,1-dimethylethyl)-4-hydroxyphenyl]-
thio]-1-oxopropyl]-4-(phenylmethyl)piperazine
monohydrochloride;
1-[3-[[3,5-bis(1,1-dimethylethyl)-4-hydroxyphenyl]-
thio]-2-methyl-1-oxopropyljpyrrolidine;
1-[3-[[3,5-bis(1,1-dimethylethyl)-4-hydroxyphenyl}-
thio]-1-oxobutyl|pyrrolidine;
1-[3-[[3,5-dichloro-4-hydroxyphenyljthio]-1-oxo-
propyl]-4-(phenylmethyl)piperazine or a pharma-
ceutically acceptable salt thereof; and ,
1-[3-[(2'-hydroxy[1,1":3',1"-terphenyl]}-5’'-yl)thio]-1-
oxopropyl)-4-(phenylmethyl) piperazine or a phar-

maceutically acceptable sait thereof.
x %x % % X



UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENTNO. : 4,959, 364 Page 1 of 2
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It is certified that error appears in the above-identified patent and that said Letters Patent is hereby
corrected as shown below:

Column 1, line 38, reading " (SRS-A) SRS-A" should read
-- (SRS-A). SRS-A -- |
Column 8, the first structure, that portion of the structure

reading

7\
\_N/ \N_CHJ‘HC] should read < N—CH,  sHC

\  / /
Column 9, line 25, reading " (2.389" should read -- (2.38 g =--.
Column 13, line 4, reading "-diemthylethyl)-4hydroxyphenyl]"
should read - -dlmethylethyl ~4-hydroxyphenyl] =--.
Column 16, line 35, reading "thio]l~-" should read -- thio]-1l1- --.
Column 19, line 56, reading "of" should read -- at --.
Column 20, line 5, reading "lpiperazine" should read
-—- plperazine --.
Column 23, lines 7-8, reading "-bis(1l,1- -~-dimethylethyl) -4~
hydroxyohenyl)thlo] l ~oxopropyl}-28-" should read -- -bis-(1,1-
dimethylethyl) -4-hydroxyphenyl]lthio]- -1l-oxopropyl]-25- -- .
Column 23, line 11, reading "-28-" should read ~-- -=-285- --

Column 23, lines 14-15 reading "monohyrrochloride" should read
- monohydrochloride -
Column 23, line 25, reading "-2methyl-" should read

~— =2-methyl- --.

Column 23, line 28, reading "-hydrocyphenyl]" should read
-- =—hydroxyphenyl] --.

Column 23, line 31, reading "[1,1'3"1"-" should read

-- {1,1':3",1"- --. |

Column 24, line 4, reading "p is 1 to 2" should read

-- p 1s 0 to 2 --. :
Column 24, line 13, reading "-oxopropyl]2S-" should read

-= =0XOopropyl]=-2S- --,

Column 25, line ]4, reading "CH2" should read -- CH2 --.
Column 25, line 47, reading "1-]3-" should read --°1-[3- --.
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